A rapid, human on-site urine multidrug test was used to screen canine urine samples for the presence of five illegal drugs and drugs from three commonly abused drug classes. Each sample was sent to a toxicology laboratory for gas chromatography/mass spectrometry (GC/MS) validation. On-site test results and GC/MS assays confirmed that the human on-site test kit did identify barbiturates, opiates, benzodiazepines, and amphetamines/methamphetamines in urine from dogs that had received these common illicit drugs/drug classes either intravenously and/or orally. However, neither the on-site test kit nor the GC/MS individual assays for marijuana or methadone, a synthetic opiate, were effective in identifying marijuana and methadone in urine from dogs with suspected or known exposure. No index of suspicion was seen for exposure to phencyclidines or cocaine during the study period, and no exposures were indicated by the on-site test results. Overall, the test is a rapid, readily available, affordable, and useful complement to the veterinarian's clinical consideration and professional judgment.
Introduction
Emergency room doctors, police, and drug rehabilitation programs routinely use rapid, human on-site urine multidrug tests for detection of illegal drugs. [1] [2] [3] The test medium is easy to collect and can be analyzed within minutes of collection. On-site tests screen for commonly abused drug classes and individual drugs. Drug classes include barbiturates, benzodiazepines, and opiates. Individual drugs include amphetamine/methamphetamine, methadone (a synthetic opiate used in detoxification programs), cocaine, delta-nine-tetrahydrocannabinol (THC, the main psychoactive substance in marijuana), and phencyclidine. [4] [5] [6] Dogs are also exposed to these substances, and they exhibit some clinical signs similar to symptoms experienced by humans a [Table 1 [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] ]; however, interpreting clinical signs in dogs can be more challenging. In dogs, signs of intoxication may be subtle or contradictory and, therefore, confusing. Additionally, dog owners may be unaware of exposure or may be hesitant to volunteer an accurate history. To further complicate matters, a reliable on-site test has not been validated for use in dogs. Veterinarians in emergency situations frequently rely only on their clinical judgment for prognosis and planning treatments.
Gas chromatography/mass spectrometry (GC/MS) is the current method of drug detection for quantifying and identifying illegal drugs in body fluids from humans and other animals. 19, 20 Unfortunately, GC/MS is costly and time consuming. Urine samples have to be sent "off site" to a central laboratory, and GC/MS results may require several days to several weeks to be reported. 19, 20 Therefore, utilizing GC/MS in emergency use is impractical. Validating human rapid onsite urine drug tests for veterinary emergency use with dogs would allow immediate diagnosis and triage and facilitate emergency treat- 21 On-site tests are qualitative and employ antibodies that may be shared by structurally related compounds. For example, a positive test for opiates occurs with all compounds in the same class. Gas chromatography/mass spectrometry is necessary to differentiate and quantitate the related compounds in the particular drug class.
Gas Chromatography/Mass Spectrometry Samples
To validate results, all specimens were mailed to the National Toxicology Laboratory (NTL) for screening with the GC/MS method. c The United States Substance Abuse and Mental Health Services Administration (SAMHSA) specifies that GC/MS is the definitive "gold standard" for drug specimen identification and detection. All newly developed immunoassay tests are compared with GC/MS results to determine accuracy. 22 To rule out false positives or cross-reactions with random background drugs with the on-site test, 24 dogs that did not receive target drugs served as controls; six were from the urban emergency veterinary clinics, and an additional 18 samples were from the VMTH ICU. Except for the control dogs, all suspect and subject dogs tested were exhibiting clinical signs at the time of sample collection. The four volunteer dogs receiving dronabinol were mildly obtunded for 4 to 6 hours.
Urine Samples
All samples were tested for target drugs with the on-site test within 6 hours of suspicion of drug administration, and they were mailed to the NTL for confirmation by GC/MS for each drug class within 24 hours. Two additional samples from dogs not participating in the study, but treated at the VMTH, were sent to the California Animal Health and Food Safety Laboratory System (CAHFS) for analysis by liquid chromatography/mass spectrometry (LC/MS) and an enzyme-linked immunosorbent assay (ELISA) test.
Statistics
Confidence intervals were calculated for test sensitivity and specificity j [ Table 2 ].
Results

Urban Emergency Veterinary Clinics
Of the 40 urine samples obtained from the urban emergency veterinary clinics, five were either of insufficient quantity or quality to process and were therefore excluded from the study. Twenty-five of the 40 urine samples were submitted from dogs suspected to have ingested THC; four urine samples were submitted from dogs suspected to have ingested amphetamines/methamphetamines; and six samples were submitted from control dogs [ Table 2 ].
Test results from the 25 THC suspect samples showed either a strong red bar or a light pink bar in the THC binding site on the test probe, indicating a negative result for THC and/or THC metabolites in the urine. All 25 sample aliquots sent to the NTL were confirmed negative for THC by the GC/MS method.
The emergency veterinary clinics collected four urine samples from dogs suspected of ingesting amphetamines, and all four tested positive for amphetamines. On-site test results were confirmed positive for amphetamines by GC/MS. Three control dogs were screened for THC and for crossreacting substances, and results were negative with the onsite test and GC/MS. Three other control dogs tested negative for methamphetamines and amphetamines with the on-site kit and with GC/MS.
The VMTH Emergency Service
The VMTH Emergency Service collected 20 urine samples from dogs in the ICU that received benzodiazepines intravenously and/or orally. All samples were positive for benzodiazepines with the on-site test. These samples also tested positive with GC/MS for the benzodiazepine metabolites, oxazepam and temazepam.
Eleven VMTH dogs received barbiturates intravenously or orally. These samples were positive for barbiturates with the on-site test. All 11 samples tested positive for either phenobarbital or pentobarbital with GC/MS.
Fourteen dogs received opiates such as oxymorphone, hydromorphone, or morphine either intravenously or orally.
The urine from these dogs tested positive with the on-site test for opiates. Gas chromatography/mass spectrometry confirmed the results more specifically as positive for morphine, oxymorphone, or hydromorphone. In contrast, the on-site test did not detect methadone in the urine of four dogs being treated in the VMTH ICU; these four dogs had received intravenous injections of methadone. Methadone was also not detected with GC/MS methadone assay at the standard GC/MS setting of 300 ng/mL [see Discussion, Table 2 ]. Urine from the four dogs that received the dronabinol orally was negative according to the on-site test. Results of GC/MS were also negative for THC. In addition, the two dogs included in the study that were suspected of ingesting THC also tested negative with the on-site test and the GC/MS THC assay.
One of the two dogs presenting to the VMTH for treatment outside the study parameters was witnessed by the owner to be ingesting hashish cookies, while the other owner expressed a suspicion that his dog had ingested THC. The urine sample from the dog that reportedly ingested hashish was submitted to CAHFS. The test result from CAHFS was negative on LC/MS THC assay at a 5-ng cutoff, but it was positive for THC on an ELISA test used at CAHFS. k The other dog's urine tested positive with the CAHFS LC/MS THC assay at a 5-ng minimal cutoff limit.
Eighteen urine samples were collected as controls from dogs in the VMTH ICU. Urine from four control dogs that had not received benzodiazepines tested negative for benzodiazepines with the on-site test, and urine tested negative with GC/MS assays for these drugs. Two urine samples from control dogs that did not receive barbiturates tested negative for barbiturates with the on-site test and the GC/MS barbiturate assay. The on-site kit and GC/MS tests were negative for opiates in eight urine samples from dogs that had not received opiates. Additionally, four dogs that had not received methadone tested negative for methadone with the on-site test and GC/MS methadone assay. No index of suspicion was seen for exposure to phencyclidines or cocaine during the study period, and no exposures were indicated by the on-site test results.
Discussion
The target drug/drug classes included on the on-site test represent a cross-section of the most commonly abused drugs on a national basis. 23 Illegal drug use varies geographically, and this on-site test allows testing of a broad spectrum of illegal drugs with the most potential for drug ingestion by dogs. This on-site test was also selected for study because it is inexpensive and easy to use. Results were rapidly produced and easily interpreted. The on-site 
Sensitivity
Specificity test kit is also widely available over the counter at most national drug stores.
While the on-site test is easy to use, it carries a number of complicating factors. Accurate results depend on having a detectable amount of drug in the urine, an appropriate elapsed time from exposure to specimen collection [ Table  3 ], and appropriate sample handling. For example, since THC adheres on glass and rubber stoppers, care must be taken to avoid using red-top tubes for specimen collection. 24, 25 In this study, each urine specimen was collected in a plastic vial while the dogs were exhibiting clinical signs and within 6 hours of suspicion of ingestion or after having been administered the drug.
Other complicating factors that influence target drug detection include species variation in drug biotransformation, specifically absorption, metabolism, and elimination of the target drugs. 26 With regard to absorption, drugs that are lipid soluble tend to rapidly accumulate in body fat and may be released over days or weeks into the general circulation of the body. 27 Other, more water-soluble drugs may be metabolized and eliminated within a few hours, making testing for urine metabolites more straightforward.
Drug metabolism also differs markedly between species. 28, 29 In dogs, early pharmacokinetic studies using intravenously injected carbon-14-labeled THC describe parallel production of several metabolites that are sequentially produced during liver passage. Forty percent to 45% of the carbon-14 dose in dogs was excreted in feces; 14% to 16 .5% was excreted in the urine, and 55% was in bile within 5 days. At that time, 24% of the dose was unmetabolized and in the tissue. These data were consistent with enterohepatic recirculation of 10% to 15% of the metabolites. 24 No THC or carbon-14-labeled drug was excreted unchanged. 24 The THC in dog urine thus appears to be metabolized to a more complicated mixture of conjugated compounds-many of which are larger and more delicate than THC metabolites in human urine. l This difference would explain why the on-site test, which is formulated to detect the human THC and THC metabolites in human urine, fails to detect the unique canine THC metabolites. Since 45% of the THC was excreted into the feces, fecal material might be a more appropriate test substrate.
Methadone is lipophilic, 30 as is dronabinol and THC. Lipophils may be tissue bound to such an extent that too little illicit substance is eliminated through the urine for detection. 31 Still another possibility, as with THC, is that the drugs may be metabolized and excreted in the urine in a form not uniformly recognized by the on-site test or GC/MS THC assay.
Individual differences in drug metabolism also might account for inconsistencies encountered with GC/MS THC testing. Even though GC/MS THC assay is the accepted test for canine exposure to THC, all of the GC/MS THC assay results included in the study were negative for THC and dronabinol, even though exposures were known. Study samples and results were variable when compared to CAHFS results. The THC suspect that ingested hashish cookies tested negative on CAHFS LC/MS THC assay at a 5-ng detection limit, but the same dog tested positive on an ELISA test used at the CAHFS. k Urine from the other dog admitted to the VMTH for THC ingestion, but not part of this study, was also submitted for testing by CAHFS. This urine sample tested positive with the LC/MS method for THC at a 5-ng minimal cutoff limit.
One of the methadone samples that tested negative with the standard GC/MS minimum detection limit of 300 ng/mL was reported to have "trace" amounts of methadone present. Based on these cases, some dogs do and some dogs do not excrete sufficient THC urine metabolites or methadone to be recognized by the GC/MS assay method used to identify these substances. The variable test results for THC and methadone imply that the gold standard GC/MS THC assay may not be a uniform test for these drugs in all dogs. All test results for THC and methadone should, therefore, be interpreted cautiously, with special consideration given to the individual dog's clinical signs and history.
Surprisingly few confirmed exposures to the target drugs were reported. Given the prevalence of human drug abuse in our society and the shared close proximity of companion animals, particularly dogs, one might expect to encounter widespread drug intoxication among dogs. 23 Indeed, the American Society for the Prevention of Cruelty to Animals (ASPCA) Poison Control Center reported 240 calls concerning canine THC ingestion between 1998 and 2002. 14 Veterinarians participating in this study also expected to encounter many more cases of canine illicit drug ingestion. Since the current study results suggest that illicit drug exposure in dogs is relatively rare, these suspicions may be exaggerated. Having a validated on-site test available to veterinarians would eliminate this confusion.
Conclusion
The rapid on-site urine multidrug test effectively identified barbiturates, opiates, benzodiazepines, and amphetamines/methamphetamines in urine from dogs. Since these results were uniformly confirmed by GC/MS-specific assays, the on-site test for these target drugs is thus validated. The test is a rapid, readily available, affordable, and useful complement to the veterinarian's clinical consideration and professional judgment. Further research, however, is necessary to develop accurate THC and methadone probes and assays. 
